Introduction
Invasive fungal infection of the larynx is rarely encountered. When it has occurred, various organisms have been isolated; one in particular, Aspergillus, has been described as a significant cause of morbidity and mortality in immunocompromised patients. 1 We describe what we believe to be the first reported case of autolaryngectomy that occurred as a result of multifocal invasive fungal disease of the larynx, pharynx, trachea, and bronchi in an immunocompromised patient.
Case report
A 46-year-old woman with a history of myelodysplastic syndrome and acute myelogenous leukemia developed sore throat and dysphonia 12 days after she had undergone treatment with daunorubicin and cytarabine. Flexible fiberoptic laryngoscopy detected laryngeal inflammation and a circumferential subglottic narrowing, which was measured on computed tomography (CT) to be 4 mm in diameter ( figure 1, A) . Intravenous broadspectrum antibiotic, antifungal, and antiviral therapies were initiated; they were supplemented with granulocyte macrophage colony-stimulating factor, given the patient's underlying immunocompromised state.
Three days later, the patient developed increasing dyspnea and respiratory distress, which required a tracheotomy. The ensuing direct laryngoscopic examination revealed marked laryngeal edema but no infectious lesions.
Over the next week, the patient developed neck and laryngeal swelling in addition to worsening sore throat and dysphonia. This decline in her health prompted a follow-up CT 9 days after presentation. CT of the neck demonstrated several large hypodensities surrounding the thyroid, larynx, trachea, and retropharynx ( figure  1, B) . CT of the chest identified multifocal lung disease ( figure 1, C) . A repeat CT 10 days later demonstrated progressive basilar consolidations, pulmonary effusions, and a 2.8-cm abscess focus in the left lower lobe, which was suggestive of fungal infection ( figure 1, D) .
The patient was urgently taken for surgical exploration and a tissue biopsy. She ultimately required five subsequent surgical debridements over the next 22 days. Debridements were accomplished via direct laryngoscopy and through a 5-cm horizontal transcervical incision over the cricothyroid membrane. Each debridement eliminated increasing amounts of frank, yellow-gray necrotic debris. We initially attained bleeding margins, but despite these debridements, the disease overwhelmed the larynx, which became increasingly nonviable. Although we believed that a laryngectomy was indicated, we were reluctant to perform it because of the patient's aplastic anemia and her demonstrated inability to heal.
Tissue cultures initially documented Aspergillus flavus, but a polymicrobial infection with Candida albicans, Candida dubliniensis, Saccharomyces cerevisiae, Cornyebacterium spp, and Enterococcus faecium ensued.
Despite a poor prognosis from her aplastic anemia, the patient was able to overcome her invasive multifocal infection and respiratory failure. Although the pharyngeal soft tissue healed, the larynx remained an inanimate cartilage framework.
After 2 months of hospitalization, the patient was discharged with a tracheotomy, wound dressing changes, and gastrostomy tube feeds. She was soon lost to follow-up, but she returned 5 months later. While she was away, she had resumed an oral diet.
On physical examination, the tracheotomy site had become a mature stoma. Transnasal and stomal flexible endoscopy revealed a complete laryngotracheal separation with noted apparent destruction of the larynx. The epiglottis was present, but there was no glottis (figure 2, A). Some remnants of necrotic thyroid cartilage remained ( figure 2, B) , and a pharyngocutaneous fistula was present. The fistula had developed in response to the stress of the oral diet, which had proved to be too much for her wound to handle. The fistula was successfully closed, but shortly thereafter a pharyngotracheal fistula developed. We recommended a tracheoesophageal puncture, but the patient refused.
Follow-up CTs 4 months later showed separation of the trachea from the digestive tract and resolution of the pulmonary disease ( figure 3 ). At the most recent follow-up, the patient was able to communicate easily by whisper. She continued to reject our offers to perform a tracheoesophageal puncture.
Discussion
Noninvasive laryngeal fungal disease is routinely encountered in otolaryngology practice. Predisposing factors commonly include inhaled steroids, smoking, and laryngopharyngeal reflux.
2 Two other significant risk factors are immunocompromise and impaired neutrophil function. Signs and symptoms of noninvasive fungal laryngitis include hoarseness, sore throat, dysphagia, odynophagia, and leukoplakia.
The invasive form of fungal laryngitis, which is rare, might initially present like its noninvasive counterpart, but it is generally much more aggressive. It is similar to invasive fungal sinus disease in this regard. 1 Aspergillus is a ubiquitous organism of low virulence, yet in immunocompromised hosts it causes significant morbidity and mortality. 1 At the Mayo Clinic Arizona, Figure 1 . 3-21 In 6 of those cases, 3-8 the authors described spreading invasive fungal disease extending to the pulmonary-tracheobronchial tree; 3 of those patients died.
In our case, the diagnosis of invasive aspergillosis of the larynx was delayed, partly because early endoscopic findings were not definitive but also because of a low index of suspicion. Diagnostic histologic findings in invasive fungal infection include tissue necrosis and invasion of the vasculature. Specific histologic findings in Aspergillus infection include septate hyphae and dichotomous branching at 45° angles.
Treatment includes aggressive systemic antifungal medication and surgical debridement. We elected to use liposomal amphotericin B because it is as efficacious as amphotericin B deoxycholate and it is not associated with infusion reactions and nephrotoxicity. Liposomal amphotericin B has also been granted the highest recommendation for treating invasive aspergillosis by the Infectious Diseases Society of America. 22, 23 Surgical debridement is a well-known and established treatment for frank necrosis, regardless of the medication regimen. However, the extent and timing of debridement required to maximize outcomes have not been defined. 24 One of the most crucial elements of disease eradication is restoration of host immunocompetency. For this reason, granulocyte macrophage colony-stimulating factor is a common component of therapy.
Our case is unique in that not only did our patient develop invasive fungal laryngitis that resulted in necrosis of the larynx, but she also experienced destruction of the larynx resulting in complete laryngotracheal separation, which has not been previously described in the literature. The necrotic thyroid cartilage slowly dissolved, and approximately 8 months after the onset of the infection, only remnants of the thyroid cartilage remained. In the interim, the patient had resumed an oral diet, which had proved to be too much for the wound to tolerate; as a result, a pharyngocutaneous fistula developed. The fistula was successfully closed, but shortly thereafter a pharyngotracheal fistula developed. At last follow-up, the patient was able to communicate easily by whisper. She continued to reject our offers to perform a tracheoesophageal puncture.
In conclusion, invasive fungal infection is an aggressive disease that can present in multiple head and neck locations, including the larynx. Because physical examination findings can be indeterminate, we recommend an early biopsy of any suspicious findings, particularly in an immunocompromised host. Once invasive fungal infection is confirmed, aggressive medical and surgical treatment must be undertaken. However, the prognosis of multifocal disease is poor and largely dependent on reestablishment of immune function. 
